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1.  INTRODUCTION 

S o f t w a r e  w i l l  be more i m p o r t a n t  and  more c r i t i c a l  f o r  COLUMBUS t h a n  f o r  
a n y  ESA p r e v i o u s  p r o j e c t .  A s  a s i m p l e  Comparison,  o v e r a l l  s o f t w a r e  size 
h a s  been i n  t h e  r a n g e  of 100 K s o u r c e  s t a t e m e n t s  f o r  EXOSAT, 500 K f o r  
SPACELAB w i t h  IPS ,  and w i l l  presumably r e a c h  s e v e r a l  m i l l i o n s  l i n e s  o f  
c o d e  f o r  COLUMBUS ( a l l  e l e m e n t s  t o g e t h e r ) .  

Based on p a s t  e x p e r i e n c e ,  t h e  t o t a l  development  c o s t  of s o f t w a r e  
( f a c i l i t i e s ,  s i m u l a t i o n ,  t es t  items, on-board s o f t w a r e . .  .)  c a n  a c c o u n t  
for a b o u t  10 t o  15 % of t h e  t o t a l  s p a c e  p r o j e c t  development  c o s t .  For  
COLUMBUS, t h i s  s h a r e  vi11 grow o v e r  t h e  e n t i r e  s p a c e  s y s t e m  l i f e  c y c l e  
as  ma in tenance  and  e v o l u t i o n  v i 1 1  be v i t a l  w i t h i n  I t s  v e r y  l o n g  o p e r a -  
t i o n n a l  p h a s e .  C o n s i d e r a b l e  s a v i n g s  w i l l  be p o s s i b l e  by p r o p e r l y  m n d -  
g i n g  s o f t w a r e  and by e x p l o i t i n g  f i e l d s  of commona l i ty .  

The Ada t e c h n o l o g y  may s u p p o r t  t h e  s t r o n g  so f  tware e n g i n e e r i n g  p r i n c  i -  
p l e s  needed f o r  COLUMBUS, p r o v i d e d  t h a t  t e c h n o l o g y  is s u f f i c i e n t l y  ma- 
t u r e  and  i n d u s t r y  p l a n s  a r e  mee t ing  t h e  COLUMBUS p r o j e c t  s c h e d u l e .  

Over t h e  p a s t  t h r e e  y e a r s ,  I n f o r m a t i q u e  I n t e r n a t i o n a l e  h a s  c o n d u c t e d  a 
c o h e r e n t  programme based on  Ada t e c h n o l o g y  a s s e s s m e n t  s t u d i e s  and  expe -  
r i m e n t s ,  f o r  ESA and CNES as  i n d i c a d e d  I n  f i g u r e  l .  

T h i s  s p e c i f i c  r e s e a r c h  and development  programme b e n e f i t s  f rom 
I n f o r m a t i q u e  I n t e r n a t i o n a l e  f i f t e e n  years e x p e r i e n c e  i n  t h e  f i e l d  of 
s p a c e  s o f t w a r e  development  and is s u p p o r t e d  by t h e  o v e r a l l  s o f t w a r e  
e n g i n e e r i n g  e x p e r t i s e  of t h e  compagny ( e . g  deep  invo lvemen t  In t h e  e u -  
r o p e a n  ESPRIT and HAP programmes).  

( R )  ADA i s  a r e g i s t e r e d  t r ademark  of t h e  US Department  of Defense  
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2. ADA TECHNOLOGY ASSESSMENT PROGRAMME 

The logical construction of the space station oriented Ada technology 
assessment programme appears in figure 1. Four main layers may be dis- 
tinguished : 

a) Ada development environments procurement policy (Rolm ADE and Verdix 
VADS), set up of convenient methods and development of new tools : 

GET, a tool for automatic production of interactive test environ- 
ments for Ada packages. 

SOPHIA, an advanced syntax-directed editor for Ada designed to 
operate on advanced work stations and providing features for ad- 
ding new functionalities (e.g. static or dynamic analysis of 
programs). 

b) Ada space specific experiments €or CNES and ESA aiming at a rather 
broad investigation (e.g. ground and space segments) : 

ADEXII, a two years experiment and assessment project undertaken 
for CNES (100 man-months budget over 83-85) with following main 
tasks based on careful monitoring of the activity : 

. Assessment of the Ada language with respect to training, effec- 
tive use and degree of applicability 

. Assessment of the Ada environment and resulting Ada products 

. Production of guidelines for an efficient transition to Ada. 

ESA/ADA, one year experiment conducted for ESA in 84-85, aiming at 
the Ada development of a coaplete simulation of the GIOTTO space- 
craft Attitude and Orbit Control System from an existfng Fortran 
program. The organization of the project based on partial and pa- 
rallel development by INFORMATIQUE INTERNAYIONALE, CESELSA 
(sub-contractor) and ESA itself successfully demonstrated unique 
features and suitability of the Ada language for large space pro- 
jects (signif iciant guidelines on an Ada development methodology 
have been established). 

CCSDS, six months project conducted for CNES in 85 demonstrating 
the successful use of Ada as a data description and data handling 
language for the GALILEO spacecraft telemetry (modelling and pro- 
cessing according to the international CCSDS standards). 

c) On-board Data Management System (COLUMBUS class) feasibility studies 

- ESA/OBCA, comparative study on distributed microprocessor based 
computer system architectures 

- ESA/I{OL, a study of the applicability of High Order Languages f o r  
on-board software production (assessment and selection of the best 
candidate among Ada, Modula 2, C, LTR 3 ,  Pascal and HALIS). 
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d) Ada detailed assessment for COLUMEUS on-board distributed Data 
Management System. 

EbA/SSADA, two years project (start end 85) investigating three 
important issues : 

. availability ob Ada tooks (near and mid-term) for the develop- 
ment of distributed application software 

. links between Ada features (language and implementation) and 
specific requirements of a typical space station mission 

. specification and development in Ada of a study case software 
system (derived from space station requirements analysis) which 
can produce significiant insights on poverful model of future Ada 
software production environments. 

Ada assessment for 
space station on-board 
distributed DMS 

Prelimimary studies : 
On-board systems 
High Order Languages 
Data relay satellite 

Space specif ic 
Ada assessment 
(general scope) 

Environment 

CEC Programme ESPRIT PCTE / S O P H I A  
MAP TOOL'USE 

FIG. I. : INVOLVEMENT IN COLUMBUS SUPPORT TECHNOLOGY 
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3 .  PRESENTATION OF CNES AND ESA ADA EXPERIMENTS 

3.1 .  CNES A D E X I I  EXPERIMENT 

As p r e v i o u s l y  s t a t e d ,  Xnformatique Internat  i o n a l e  c o n d u c t e d  a n  Ada 
e x p e r i m e n t  f o r  t h e  f r e n c h  n a t i o n a l  s p a c e  agency  (CNES) i n  T o u l o u s e ,  
F r a n c e .  The e x p e r i m e n t  main o b j e c t i v e s  were to  p r o v i d e  i n f o r m a t i o n  on 
t h e  s u i t a b i l i t y  a n d  e f f e c t i v e  u s e  of  t h e  Ada l a n g u a g e  f o r  s p a c e  a P P l i -  
cat ions a n d  t o  l o c a t e  t h e  p o t e n t i a l  b e n e f i t s  and  p o s s i b l e  drawbacks t o  
be e x p e c t e d  when i n t r o d u c i n g  Ada i n t o  t h e  a e r o s p a c e  i n d u s t r y  
e n v i r o n m e n t .  

A s  s u c h  r e s u l t s  and  lessons learnt  c a n  c o n t r i b u t e  t o  a b e t t e r  u n d e r s -  
t a n d i n g  and  management o f  a s p a c e - o r i e n t e d  Ada t e c h n o l o g y  t r a n s f e r .  
E d u c a t i o n  and  development  methods were e s p e c i a l l y  d i s c u s s e d .  The expe-  
r i m e n t a l  d a t a  c o l l e c t e d  o v e r  t h e  p r o j e c t  have  been e x t r a c t e d  from a de-  
velopment  e f f o r t  of s i x  s o f t w a r e  e n g i n e e r s  o v e r  too y e a r s  w i t h  a t o t a l  
p r o d u c t i o n  of  30 000 Ada s o u r c e  l i n e s  (ASL). 

The e x p e r i m e n t  had t h e n  t o  c o v e r  two main a r e a s  : 

- i n t r o d u c t i o n  of  t h e  l anguage  ( i . e .  how i t  is used and l e a r n e d  i n  
p r a c t i c e  by p e r s o n n e l  w i t h  d i f f e r e n t  t e c h n i c a l  backgrounds )  

- s u i t a b i l i t y  of t h e  l anguage  f o r  a p p l i c a t i o n s  s p e c i f i c  t o  t h e  a e r o s p a -  
c e  i r r d u s t r y ,  p a r t i c u l a r y  r e a l - t i m e  a p p l i c a t i o n s .  

T h e s e  t o p i c s  were f u t h e r  r e f i n e d ,  a n a l y z e d  and b a l a n c e d  a g a i n s t  
t e c h n i c a l  Ada c o n s t r a i n t s  (ma in ly  l a c k  of i n f o r m a t i o n  and t r a i n i n g  o n  
Ada s o f t w a r e  e n g i n e e r i n g )  and t h r e e  e v a l u a t i o n  a r e a s  were d e f i n e d  : 

- l e a r n i n g  and u s e  of t h e  Ada l anguage  

- development  of Ada s o f t w a r e  p r o d u c t s  

- per fo rmance  a n d  a s s e s s m e n t  of  a v a l i d a t e d  Ada e n v i r o n m e n t .  

To r e a c h  t h e s e  g o a l s  w i t h i n  budge ta ry  c o n s t r a i n t s ,  i t  was d e c i d e d  t o  
r e d e s i g n  and r e d e v e l o p  e x i s t i n g  F o r t r a n  a p p l i c a t i o c s ,  meanwhile monito-  
r i n g  r e l a t e d  a c t i v i t i e s .  These a p p l i c a t i o n s  c o r r e s p o n d i n g  t o  s m a l l -  
s c a l e d  p r o j e c t s  v e r e  p r e f e r r e d  t o  a s i n g l e  l a r g e  r e a l - t i m e  p r o j e c t ,  due 
t o  t h e  h i g h  r i s k s  impl i ed  by such  a c h o i c e  a t  t h e  time t h e  p r o j e c t  
s t a r t e d .  P r e v i o u s  p a p e r s  ( L a b r e u i l l e  84 and P a p a i x  85)  g i v e  a n  in -dep th  
d i s c u s s i o n  of  t h e  p r o j e c t  t a s k s  and t h e  r e s o u r c e s  i n v o l v e d .  

Wlth r e s p e c t  t o  t h e  i n i t i a l  o b j e c t i v e s ,  t h e  f o l l o w i n g  c o n c l u s i o n s  were 
r e a c h e d  : 

P r o d u c t i v i t y  

High p r o d u c t i v i t y  r a t i o s  have been e x p e r i e n c e d  ( u p  t o  1400 ASL per man- 
month f o r  s m a l l  Ada deve lopmen t s )  but  t h i s  d a t a  s h o u l d  be i n t e r p r e t e d  
w i t h  c a r e  and b a l a n c e d  a g a i n s t  a r e a l  i n d u s t r i a l  c o n t e x t .  I n  t h i s  expe-  
r i m e n t  c o n t e x t ,  t h e  development team was s m a l l ,  m o t i v a t e d ,  e n t h u s i a s t i c  
and  e x p e r i e n c i n g  t h e  l e a r n i n g  p r o c e s s  and t h e  u s e  of  Ada and program- 
ming env i ronmen t  t o o l s .  
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More than  t h e  achievement of good p r o d u c t i v i t y  f i g u r e s  ove r  t h e  pro-  
j ec t  , t h e  i d e n t i f i c a t i o n  of  t h e  main c o n t r i b u t o r 0  t o  p r o d u c t i v i t y  i m -  
provements were po in ted  ou t  : 

- early v a l i d a t i o n  through t h e  use  of Ada a t  t h e  des ign  phase 

- automatic r ecompi l a t ion  f e a t u r e s  suppor ted  by convenient  conf igu ra -  
t i o n  c o n t r o l  system 

- r e u s e  of so f tware  components 

T r a i n i n g  

Th i s  experiment  has  proven t h a t  accep tab le  l e v e l  of p r o f i c i e n c y  in Ada 
cou ld  be reached  r a t h e r  qu ick ly  ( i n  less than  a month). 
Ada, a s  a programming language is no more d i f f i c u l t  t o  l e a r n  than  ano- 
t h e r  language ,  but  making f u l l  use of i t s  unde r ly ing  so f tware  enginee-  
r i n g  p r i n c i p l e s  r e q u i r e s  some a d d i t i o n a l  e f f o r t .  Due t o  Ada r i c h n e s s ,  
s p e c i a l  t r a i n i n g  is  r equ i r ed  f o r  "good use" of advanced f e a t u r e s ,  a s  
w e l l  a s  t o  avo id  sys t ema t i c  use of " w e l l  experienced" s u b s e t .  

Environment 

The a v a i l a b i l i t y  of a number of t o o l s  i s  of g r e a t  h e l p ,  bu t  oneshould 
not  forger,  t h a t  l e a r n i n g  how t o  use them e f f e c t i v e l y  is almost  a s  i m -  
p o r t a n t  a s  l e a r n i n g  t h e  language i t s e l f  and t a k e s  time and e f f o r t  a s  
w e l l .  
Evidence vas  shown t h a t  an Ada compiler  must be a v a l i d a t e d  one ,  t o o l s  
must be of good q u a l i t y  a s  w e l l  and should be s u i t a b l e  f o r  t h e  develop- 
ment of l a r g e  Ada programs (more than 10 0C.O ASL).  

Development methodology 

Use of Ada impacts  heav i ly  on t r a d i t i o n a l  methods through : 

- e a r l y  and cont inuous  use  from des ign  

- e a r l y  v a l i d a t i o n  of des ign  through p ro to typ ieg  and s tep-wise PDL 
ref inement  

- des ign  e f f o r t  which is i nc reased  by up t o  50 X whi le  i n t e g r a t i o n  i s  
reduced up t o  5 times 

- e f f e c t i v e  p a r a l l e l  developement.  
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3.2. ESA ADA EVALUATION STUDY 

AS p a r t  of i t s  Techn ica l  Research Programme, i n  p r e p a r a t i o n  f o r  u s ing  
Ada, t h e  European Space Agency h a s  j u s t  completed a s t u d y  t o  e v a l u a t e  
t h e  u s e  of Ada i n  a t y p i c a l  space-or ien ted  so f tware  p r o j e c t ,  w i t h  par -  
t i cu la r  emphas is  on t h e  impacts  on METHODOLOGY and t h e  p r o s p e c t s  f o r  
PORTABILITY, REUSABILITY end developement s t  m u l t i p l e  s i t e s .  The s t u d y  
vas based on r e w r i t i n g  i n  Ada t h e  A t t i t u d e  and O r b i t  Con t ro l  So f tware  
and t h e  s i m u l a t i o n  of t h e  s a t e l l i t e  dynamics and o p e r a t o r s  environment  
of a r e c e n t  s a t e l l i t e ,  which were p rev ious ly  implemented i n Assembler 
and P o r t r a n .  

AS a r e s u l t  of t h i s  s t u d y ,  ESA has  now a set of Ada packages which has  
been used  to  e v a l u a t e  many of t h e  e x i s t i n g  Ada compi l e r s  and Ada s u p -  
p o r t i n g  t o o l s e t s  as r epor t ed  I n  (Robinson 86).  This  proved t o  be a va- 
l u a b l e  way of  I d e n t i f y i n g  some of t he  key a s p e c t s  f o r  p rov id ing  
p o r t a b l e  s o f t w a r e ,  and f o r  i d e n t i f y i n g  s t r o n g  and weak f e a t u r e s  of  
e x i s t i n g  and p o t e n t i a l  APSES. 

The s t u d y  p r o j e c t  was performed by Informat ique  I n t e r n a t i o n a l e  ( a c t i n g  
as  prime c o n s t r a c t o r )  and CESELSA (Spain)  under the  d i r e c t i o n  of ESA 
Technology Cen t re  (ESTEC) .  The main a c t i v i t y  was t o  r e w r i t e  i n  Ada 

a )  t h e  A t t i t u d e  and O r b i t  Cont ro l  Equipment (AOCE) soCtware of a r ecen t  
s a t e l l i t e ,  from the  e x i s t i n g  des ign  w r i t t e n  i n  Caine ,  Farber  Gordon PDL 
and t h e  l i s t i n g s  of t he  RCA1802 Assembler programs, 

b) t h e  s i m u l a t i o n  of t he  s a t e l l i t e  dynamics and o p e r a t o r s  environment 
which were p rev ious ly  implemented i n  F o r t r a n .  

The Ada program c o n s i s t s  of 6 components as  i n d i c a t e d  i n  f i g u r e  2 .  Tlie 
c o r e  of t h e  program is t he  package P-AOCE c o n t a i n i n g  t h e  s a t e l l i t e  
s o f t w a r e .  The R A M  is v i s i b l e  t o  provide  a c c e s s  t o  d a t a  f o r  o p e r a t o r  
d i s p l a y ,  and p a r t  of t he  RAM (T-RAMl) is a v a i l a b l e  t o  write telecom- 
mands. T h i s  package is embedded i n  a s imula t ion  of t he  r..al worid e n v i -  
ronment ,  c o n s i s t i n g  o f  telecommand management, hardware i n t e r f a c e ,  
dynamics s i m u l a t i o -  and o p e r a t o r  command/display i n t e r f a c e .  

ESA s t a n d a r d s  f o r  so f tware  l i f e - c y c l e  (ESA 84) were fol lowed t o  a s s e s s  
t h e i r  s u i t a b i l i t y  f o r  Ada. These c o n s i s t  of phases  f o r  so f tware  r equ i -  
r emen t s ,  a r ch f  t e c t u r a l  d e s i g n ,  d e t a i l e d  des ign  and implementa t ion ,  each 
phase t e r m i n a t i n g  i n  a formal r e v i e w .  F u l l  documentation vas  produced.  

T h e  So f tware  Requirements Document was wr i t t en  by Informat ique  
I n t e r n a t i o n a l e  t o  p u l l  t he  requi rements  t o g e t h e r  and a s  a f a m i l i a r i s a -  
t i o n  t a s k  t o  p rov ide  a c l e a r  d e f i n i t i o n  o f  t h e  work t o  be done. 

As an expe r imen t ,  two A r c h i t e c t u r a l  Designs were produced,  a t  both 
Xnformatique Znterna t  i o n a l e  and CESELSA. Each c o n s i s t e d  of n a r r a t i v e ,  
des ign  d iagrams and Ada S p e c i f i c a t i o n  p a r t s .  I n  a d d i t i o n ,  t he  ma j o r  
t a s k  s t r u c t u r e  was pro to typed  us ing  TEXT I O  t o  provide  a l i s t i n g  of t he  
f low of c o n t r o l ,  t hus  demonst ra t tng  t h a t  t h e  o v e r a l l  a r c h i t e c t u r e  is 
c o r r e c t ,  and t h a t  t he  s p e c i f i c a t i o n  p a r t s  were c o n s i s t e n t  and compila- 
b l e .  A f t e r  t h e  rev iew,  the  ADD which was based on Objec t  Or i en ted  
Design was s e l e c t e d  s i n c e  t h i s  provided t h e  more cohe ren t  and complete  
view of t h e  des ig i i .  I t  was decided t o  u s e  OOD on t h e  d e t a i l e d  des ign  of 
t h e  dynamics p a r t  in t he  next phase t o  g a i n  more expe r i ence  of t h i s  
t e c h n i q u e .  
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b . 

The D e t a i l e d  Design was a l s o  r epea ted  by t h e  tvo c o n t r a c t o r s ,  u s ing  t h e  
same a r c h i t e c t u r e  a s  a b a s e l i n e  f o r  each .  The main d i f f e r e n c e  was t h a t  
Informat ique  I n t e r n a t i o n a l e  decided t o  use SEPARATE compl l a t lon  ex ten-  
s i v e l y  i n  t h e  des ign  of  t h e  l a r g e r  packages.  Th i s  has  t h e  b e n e f i t  o f  
reducing  t h e  time f o r  recompi la t ion  due to  changes i n  on ly  one procedure  
d u r i n g  module t e s t i n g .  It results i n  more sou rce  f i l e s  and a s l i g h t l y  
more complex l i b r a r y  s t r u c t u r e  wi th  t h e r e f o r e  more need f o r  Ada Program 
L i b r a r y  t o o l s  t o  manage t h e  re-compilat ion and conf i g u r a t  i on  management 
a c t i v i t i e s .  

To t r y  o u t  t h e  m u l t i - s i t e  a s p e c t s  of t h e  p r o j e c t  wi th  a set  of  
independent ly  coded packages,  t h e  s a t e l l i t e  so f tware  was programmed i n  
ESA and t h e  s i m u l a t i o n  p a r t s  were programmed i n  Spain (CESELSA). These 
were then  i n t e g r a t e d  a t  a t h i r d  s i t e  i n  France ( In fo rma t ique  
I n t e r n a t i o n a l e ) ,  wi th  t h e  h e l p  of a l l  p a r t i e s .  

Acceptance was based on 10 t e s t  c a s e s  from t h e  ESTEC Assembler /For t ran  
implementa t ion ,  which produced i d e n t i c a l  p l o t s  i n  9 c a s e s  and a b e t t e r  
r e s u l t  a t  t h e  5 th  s i g n i f i c a n t  d i g i t  i n  t h e  10th c a s e .  
D i f f e rences  between computers were t h e r e f o r e  i n s i g n i f i c a n t .  

The main p a r t  of t h e  s tudy  produced working s o f t w a r e ,  and t h e  so f tware  
development l i f e c y c l e  worked s a t i s f a c t o r i l y .  Module t e s t i n g  a t  package 
l e v e l  l ead  t o  easy  i n t e g r a t i o n ,  with good suppor t  from t h e  symbolic 
debugger.  There i s  a c l e a r  conclus ion  t h a t  i t  pays t o  do module t e s -  
t i n g ,  and t h a t  t h e  r e s u l t i n g  i n t e g r a t i o n  e f f o r t  wi th  Ada i s  r e l a t i v e l y  
low i n  t h a t  c a s e .  A "module" i n  Ada is  de f ined  a s  package,  f o r  which 
each v i s i b l e  p a r t  ( d a t a ,  p rocedure ,  f u n c t i o n s )  is t e s t e d .  

OOD was found t o  provide  a n a t u r a l  method of producing a c l e a r  p i c t u r e  
of t h e  d e s i g n ,  which l e a d s  e a s i l y  i n t o  Ada d e f i n i t i o n ,  implementat ion 
and I n t e g r a t i o n .  

A summary of t h e  s t a t i s t i c s  of t h e  p r o j e c t  i s  shown below : 

Simula tor  l i n e s  
P-AOCE l i n e s  
L i n e s  of t e s t  code 
Comment l i n e s  
Comp i l e  t ime 
Execut ion t ime 

4800 - 
- 

1600 
5 m i n  
80 s e c .  

Req u i  remen t s 
4 r c h i t e c t u r a l  des ign  77 
D e t a i l e d  des ign  10 1 

40 

Code, t es t  & i n t e g r a t i o n  152 

4174 
2738 = 6912 

at36 = 7798  
3677 = 11475 
113 m i n  
350 s e c .  

TOTAL 370 = 31 l i n e s l d a y  
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